Sensitization to Hymenoptera venoms is common, but
systemic sting reactions are rare
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Background: Sensitization to Hymenoptera venom without
systemic sting reactions (SSRs) is commonly observed in the
general population. Clinical relevance for a future sting has not
yet been investigated.

Objective: We aimed to evaluate the effect of these debatable
sensitizations with deliberate sting challenges and to monitor
serologic changes for up to 2 years.

Methods: One hundred thirty-one challenges with bees and
wasps were performed in 94 subjects with a hitherto irrelevant
sensitization. The clinical outcome was recorded, and results of
specific IgE (sIgE) determinations, skin tests, and basophil
activation tests were correlated to the sting reaction. sIgE levels
were monitored in reactors and nonreactors after 3 hours, 1
week, 4 weeks, and 1 year.

Results: Only 5 (5.3%) patients had SSRs, but 41 (43.6 %) had large
local reactions (LLRs) after the sting. Compared with the general
population, there was a 9.5-fold higher risk for LLRs but not for
SSRs. Three hours after the sting, sIgE levels slightly decreased,
but none of the 94 subjects’ results turned negative. After 1

week, sIgE levels already increased, increasing up to 3.5-fold
(range, 0.2- to 34.0-fold) baseline levels after 4 weeks. To assess the
clinical relevance of this increase, we randomly selected 18 patients
for a re-sting. Again, 50% had an LLR, but none had an SSR.
Conclusion: Although sensitization to Hymenoptera venoms was
common, the risk of SSRs in sensitized subjects was low in our
study. The sIgE level increase after the sting was not an
indicator for conversion into symptomatic sensitization.
Currently available tests were not able to distinguish between
asymptomatic sensitization, LLRs, and SSRs. (J Allergy Clin
Immunol 2013 ;NEN;EEE-EEN,)
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Abbreviations used
AS: Asymptomatic sensitization
BAT: Basophil activation test
CCD: Cross-reactive carbohydrate determinant
CRD: Component-resolved diagnosis
IDT: Intradermal test
LLR: Large local reaction
sIgE: Specific IgE
SSR: Systemic sting reaction
tIgE: Total IgE

Depending on the climate, the prevalence of Hymenoptera
stings ranges from 56.6% to 94.5% in the general adult popula-
tion." In the general population 0.3% to 7.5% are reported to have
experienced systemic sting reactions (SSRs), and 2.4% to 26.4%
have had large local reactions (LLRs) to Hymenoptera stings.”
Recently, we carried out the first epidemiologic telephone survey
on Hymenoptera venom allergy in Austria and found that 3.3%
have experienced SSRs and 4.6% have experienced LLRs,
respectively.’

Asymptomatic sensitization (AS) to bee and wasp venom
occurs frequently in in vitro tests, and 27.1% to 40.7% of the gen-
eral population are reported to have detectable specific IgE (sIgE)
to Hymenoptera venoms." Furthermore, AS is related to total
IgE (tIgE) levels; in healthy subjects with high tIgE levels, sIgE
to Hymenoptera venoms was demonstrable in up to 66.7% of
investigated subjects.” Therefore current criteria to diagnose
Hymenoptera venom allergy cannot accurately predict the occur-
rence or severity of anaphylactic symptoms after a sting. The
main cause of AS in subjects double sensitized to bee and wasp
venom is the presence of sIgE to cross-reactive carbohydrate
determinants (CCDs) in the serum.®’ Many of the bee venom
allergens and some of the wasp venom allergens bear CCDs;
therefore sensitization to CCDs can mimic double sensitization
to Hymenoptera venoms.” However, sIgE to CCDs as a cause
for AS in monosensitized subjects is typically not observed.’

Nevertheless, a large portion of subjects are sensitized to
nonglycosylated venom allergens and tolerate Hymenoptera
stings well. Given that the prevalence of SSRs in Austria is
3.3% and that 40.7% of the general population are sensitized to at
least 1 venom, it can be assumed that the majority of sensitized
subjects will not experience SSRs. However, sensitization could
have been converted into clinically relevant hypersensitivity after
the recent sting, and therefore subjects could potentially react to
the next sting. The relevance of these unclear sensitizations has
not been elucidated. Therefore we aimed to conduct a prospective
study to clarify the effect of detectable sIgE to Hymenoptera
venoms for the next sting. For this purpose, deliberate sting
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challenges with living bees and wasps were performed. Several
years ago, we found that patients with low tIgE levels (<50 kU/L)
had a higher risk for severe reactions.” We also observed that high
tIgE levels (>250 kU/L) were associated with a higher frequency
of AS.” Therefore we initially aimed to evaluate whether subjects
with low tIgE levels were predisposed to (severe) SSRs or LLRs.
Then we correlated test results of available diagnostic tools, such
as the skin prick test, the intradermal test (IDT), sIgE determina-
tion, component-resolved diagnosis (CRD), and the basophil acti-
vation test (BAT) with the outcome of the sting challenge. We also
monitored sIgE levels against the respective venom after sting
challenges. In this context we tested the hypothesis of sIgE “con-
sumption” because of exposure to venom allergens after a sting.
Because of increased sIgE levels after the first challenge, we per-
formed a second sting challenge in randomly selected subjects to
investigate whether this increase was associated with the conver-
sion of a clinically irrelevant sensitization into relevant
hypersensitivity.

METHODS
Subjects

Subjects who tolerated previous Hymenoptera field stings without an SSR
were initially screened for sIgE to Hymenoptera venom. Subjects with
detectable sIgE to at least 1 Hymenoptera venom who met all other inclusion
and exclusion criteria (see Table E1 in this article’s Online Repository at www.
jacionline.org) were asked to participate in the study. Finally, 110 subjects
were enrolled. After a complete health check, including physical examina-
tions, laboratory tests, spirometry, and electrocardiography, diagnostic tests
for Hymenoptera venom allergy were performed. An atopic disposition was
considered if there was at least 1 positive reaction to an allergen in a skin prick
test panel of common aeroallergens. Forty-one were stung by a bee, 16 by a
wasp, and 37 by both a bee and a wasp. In subjects with double sensitization,
2 sting challenges were performed on the same day. If the first sting was toler-
ated, another challenge was performed after 3 hours. Sting challenges were
followed by repeated serologic tests (Fig 1). This study was approved by
the ethics committee of the Medical University of Graz (approval no. 18-046).

Classification of sting reactions

According to the modified classification of Ring and Messmer,” general-
ized skin symptoms, such as flush, urticaria, and angioedema, were classified
as grade I reactions. Mild-to-moderate respiratory, cardiovascular, or gastroin-
testinal symptoms were rated as grade II reactions. Bronchoconstriction,
emesis, anaphylactic shock, and loss of consciousness were classified as grade
III reactions. An LLR was defined as swelling exceeding a diameter of 10 cm
that lasts longer than 24 hours.

Skin tests

The nature of sensitization was confirmed by means of standardized end
point titration skin prick tests (10, 100, and 300 pwg/mL) and IDTs (0.02 mL of
0.01, 0.1, and 1 pg/mL) with purified honeybee and vespid venom extracts
(ALK-Abelld, Hgrsholm, Denmark). Skin prick test and IDT results were
considered positive in the presence of wheals 3 and 5 mm larger in diameter
and erythema, respectively.

Determination of slgE and tIigE levels

Specific and tIgE antibody levels in the patients’ sera were measured by
using ImmunoCAP 1000 (Thermo Fisher Scientific, Waltham, Mass),
Immulite 2000 (Siemens, Tarrytown, NY), and ADVIA Centaur (Siemens),
according to the manufacturer’s instructions. CRD with rApim 1 and rVes v 1
and 5 was done on the InmunoCAP 1000. Diagnosis withnApim I,nVes v 1,
and nVes v 5 was done on the ADVIA Centaur platform at the Department of

J ALLERGY CLIN IMMUNOL
mmm 2013

‘ 110 sensitized persons consented ‘

16 refused sting
challenge

‘ 94 were stung by a bee and/or wasp ‘

¥
78 challenges 131 53 challenges
with bee challenges with wasp

19 terminated
participation
12 terminated
participation

‘ 75 had repeat serology after 1 wk ‘

‘ 63 had repeat serology after 1 mo ‘

45 terminated
participation

’ 18 were re-stung after 1 year ‘

1 terminated
participation

|

‘ 17 had repeat serology after 1 mo

9 terminated
participation

|

| 8 had serological control after 1 year

FIG 1. Screening, sting challenges, and follow-up. Initially, 110 sensitized
subjects consented to participate in the study. Control visits were optional,
and therefore some subjects discontinued the study prematurely.

I+D (ALK-Abell6, Madrid, Spain). For some analyses, patients were
grouped according to low (<50 kU/L), intermediate (50-250 kU/L), and
high (>250 kU/L) tIgE levels.

BAT

BATs were performed, as previously described.”'” In brief, cell samples
were analyzed by using 3-color flow cytometry (FC 500; Beckman Coulter,
Fullerton, Calif). Basophils were identified as a single population of cells
that stained positively for CD123 (FL-2) and negatively for HLA-DR
(FL-4). Upregulation of CD63 expression was indicated by an increase in fluo-
rescence in the FL-1 channel. Acquisition was terminated after 500 basophil
target events. A 2.5-fold increase in the number of activated basophils
(>25%) compared with the negative control (10%) at any of the test concen-
trations of the allergen was considered a positive response.

Deliberate sting challenge test

The insect sting challenge test was carried out with a definitely identified
living bee (Apis mellifera) and/or wasp (Vespula germanica and Vespula vul-
garis) supplied by the Institute of Zoology, Graz, Austria. The choice of the
insect or insects was based on detectable sIgE with the CAP system. The chal-
lenge was performed on the upper forearm under partial inpatient conditions
with intensive medical stand-by and a continuous infusion; it was considered
valid if a wheal of 5 mm or greater in diameter and erythema after 15 minutes
at the site of the sting occurred.

Data analysis

All data are expressed as medians (25% to 75% percentiles) on the raw
scale, unless otherwise indicated. Data were tested for normality by using the
Kolmogorov-Smirnov test. Continuous variables were analyzed by using the
Kruskal-Wallis test; categorical variables were compared by using x* or Fisher
exact tests. The Cohen k coefficient was calculated to check agreement
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FIG 2. Frequency of SSRs and LLRs compared with the general population. A, Although the frequency of
SSRs was slightly higher in the study population, the difference to the general population was not statisti-
cally significant. B, Notably, the risk of LLRs was approximately 9.5-fold higher compared with the general
population. Data of the general population were obtained by means of telephone survey of accidental
stings.® The study population was sensitized subjects undergoing deliberate sting challenges. n.s., Not

significant.

between the tests. The level of significance was set at a P value of less than .05.
IBM SPSS Statistics 20.0 (IBM, Somers, NY) was used for statistical analysis.

RESULTS
History and demographic data

Sixteen of 110 subjects refused sting challenges. Of 94
included subjects, 44 (46.8%) were male, and 50 (53.2%) were
female. Median age was 29.0 (25% to 75% percentile, 24.0-40.3
years). Forty-eight (51.1%) were considered to have an atopic
predisposition, and 27 (28.7%) reported previous LLRs caused by
Hymenoptera stings.

Outcome of sting challenges

Finally, 131 sting challenges with bees, wasps, or both were
performed in 94 subjects. Forty-one were stung by a bee, 16 by a
wasp, and 37 by both a bee and a wasp. Only 6 SSRsin 5 (5.3%) of
94 subjects were observed. However, LLRs were frequently
observed: 41 (43.6%) of 94 had LLRs within 24 hours after the
sting; 16 (39.0%) of them reported LLRs previously. Compared
with the general population, there was a 9.5-fold higher risk for
LLRs but no increased risk for SSRs (Fig 2).* According to the
classification of Ring and Messmer, 4 grade I reactions, 1 grade
Il reaction, and 1 grade III reaction were observed (Table I). Sub-
jects with previous LLRs did not appear to have a higher risk for
SSRs: 3 (4.5%) of 64 without a history of an LLR had an SSR, and
2 (7.4%) of 25 who have previously experienced LLRs had SSRs
(P =.623).

Association of SSRs with tigE levels

On the basis of our experience, we would have expected more
SSRs and, particularly, a higher frequency of SSRs in subjects
with lower tIgE levels.® One (2.7%) of 37 subjects with low IgE
levels experienced an SSR, and 1 (3.4%) of 29 with intermediate
levels and 3 (10.7%) of 28 with high tIgE levels were reactors.
There were even more SSRs in subjects with high tIgE levels.
However, differences were not significant (P = .384), but the un-
expected low number of reactions might invalidate the statistics.
Similar observations were made with tIgE levels and LLRs: the
occurrence of LLRs was not associated with low or high tIgE
levels (P = .139).

TABLE I. Clinical outcomes in subjects with SSRs after sting
challenges

Subject Insect Onset (min) Symptoms Grade

4 Bee 25 Flush, urticaria 1

19 Bee 5 Tachycardia, mild decrease 2
in blood pressure

26 Bee 20 Isolated wheals 1

26 Wasp 25 Mild periorbital edema 1

41 Wasp 10 Tachycardia, vomiting, 3
defecation

69 ‘Wasp 20 Isolated wheals 1

Six SSRs in 5 subjects were observed. One subject had SSRs to both bee and wasp
stings.

Outcome of sting challenges compared with test
results

Results of all tests (sIgE determination with the CAP, Immulite,
and ADVIA; CRD, skin prick tests, and IDTs) except the BAT
were positive in all subjects reacting with SSRs to wasp stings.
The situation was different in subjects who had SSRs after bee
stings: 2 of 3 subjects were unable to receive diagnoses based on
rApi m 1 values (CAP) and the BAT (Table II).

In a next step the frequency of positive test results in subjects
with negative sting challenge results was determined. Positive test
results, even to venom components, were commonly observed but
were irrelevant with respect to SSRs (Fig 3). We further sought to
explore whether sensitization was associated with the occurrence
of LLRs. LLRs were less frequently observed after bee stings: 26
(33.3%) of 78 subjects stung by a bee and 29 (54.7%) of 53 subjects
challenged by a wasp sting had LLRs (P = .019). We aimed to
check which test correlated best with the occurrence of LLRs.
We also hypothesized that a genuine sensitization confirmed by
means of CRD might be associated with LLRs. However, among
the performed tests, only positive BAT results appeared to be
more frequent in subjects with LLRs. Surprisingly, even sIgE levels
to venom components were frequently positive in subjects without
SSRs and LLRs (Fig 4). The low frequency of positive test results
for rApi m 1 was primarily caused by the low sensitization rate of
57%1082%""* to Apim 1 and was not a matter of good specificity.

Neither using different thresholds for positivity of 0.36, 0.7,
1.0, or 1.7 kU/L for sIgE to allergen components nor
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TABLE Il. Test results in subjects with SSRs after sting challenge
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Subject CAP bee (kU/L) Immulite bee (kU/L) ADVIA bee (kU/L) CAP rApi m 1 (kU/L) ADVIA nApi m 1 (kU/L) Skin prick test IDT  BAT
4 2.92 5.60 2.27 0.38 3.49 10 0.01 1.79
19 0.64 1.73 1.21 0.28 1.66 300 0.1 40.00
26 1.47 3.26 0.71 0.04 0.71 100 1 14.00
Positive 3/3 3/3 3/3 1/3 3/3 3/3 3/3 1/3

Subject CAP wasp Immulite wasp ADVIA wasp CAP rVes v 1/5 ADVIA nVes v 1/5 Skin prick test  IDT BAT
26 1.98 8.44 10.30 0.70/0.02 1.56/0.15 300 0.1 17.00
41 1.23 1.89 1.68 0.08/3.73 0.05/3.05 10 0.1 28.13
69 0.44 0.83 0.98 0.04/1.19 0.02/1.00 100 0.1 26.47
Positive 3/3 3/3 3/3 3/3 3/3 3/3 3/3 2/3

There was a clear weakness of rApi m 1 (CAP) and BAT to diagnose bee venom allergy. In contrast to subjects allergic to bee venom, results of all tests except the BAT were

positive in subjects with wasp venom allergy.

Skin prick test, Positive at micrograms; IDT, positive at micrograms; BAT, maximal basophil activation percentage; positive, greater than 25% activated basophils.

A

1004

% positive

% positive

FIG 3. Outcome of tests in subjects who tolerated sting challenges without SSRs. A, Positive test results in
subjects who were stung by a bee. Skin tests and the BAT showed a lower rate of positive results. Because of
the known low sensitivity of rApi m 1, the good correlation of rApi m 1 with the sting challenge should be
viewed critically. B, Positive test results in subjects who were stung by a wasp. Importantly, even slgE to the
major wasp venom components was detectable in the majority of subjects.

differentiation between CCD-positive and CCD-negative subjects
allowed discrimination between asymptomatic subjects and sub-
jects with LLRs. Interestingly, only 11 (12.4%) of the 89
nonreactors had detectable sIgE against CCDs. On the other
hand, one of the 5 reactors also had sIgE against CCDs.

Time course of slgE after the sting challenge

Three hours. First, we tested whether sIgE was “consumed”
after a Hymenoptera sting. There was only a slight decrease in
sIgE levels 3 hours after a wasp or bee sting: —0.08 kU/L for wasp

venom, —0.13 for bee venom, —0.01 for Api m 1, and —0.10 for
Ves v 5 (Fig 5, A-D). However, this decrease was highly statisti-
cally significant for all tests but Api m 1 (P = .001). Although
there was only a minimal change in median values, the Wilcoxon
test revealed that sIgE levels decreased in 55 (78.5%) of 70 bee
venom—sensitized subjects and in 36 (76.6%) of 47 subjects
with wasp venom sensitization. Of those who initially had sIgE
to Ves v 5, 20 (90.9%) of 22 showed a decrease in sIgE levels
to Ves v 5 after the sting. The situation in reactors was similar:
2 showed slightly increased and 4 showed slightly decreased
sIgE levels after the sting (Fig 5, E). However, neither in
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FIG 4. Outcome of tests in subjects with and without LLRs. A, Positive test results in subjects who were
stung by a bee. Unexpectedly, the frequency of positive test results in subjects with LLRs was mostly similar
to that seen in those with no LLRs. Agreement of all test results with LLRs was weak (x < 0.35). B, Positive test
results in subjects who were stung by a wasp. Contrary to subjects having had bee stings, there was no
difference in the sensitization rate between the tests. Only the BAT showed more positive results in subjects
with LLRs. Similar to bee sensitizations, agreement of all test results with LLRs was weak (k < 0.35).

asymptomatic sensitized subjects nor in reactors did the initially
positive sIgE result turn negative.

One to 4 weeks. sIgE levels increased markedly 1 week
after the sting: there was a 2.2-fold increase in wasp venom sIgE
levels and a 2.7-fold increase in sIgE levels to bee venom. After 4
weeks, the increase was 2.7-fold in sIgE levels to wasp venom and
5.0-fold in sIgE levels to bee venom. However, increases of up to
34-fold were recorded. Weaker but also significant increases in
sIgE levels to the main allergens Api m 1 and Ves v 5 were also
observed (Fig 5, A-D). Because control visits were optional, we
could only analyze the complete sIgE time course of 3 reactors.
Although data are limited, the increase in sIgE levels appeared
to be similar; increases of up to 40-fold (subject 69) were
observed (Fig 5, E).

Second sting challenge

The clear increase in sIgE levels prompted us to assess the
clinical relevance for a second time in 18 randomly selected
patients 1 year after the first challenge. In total, 19 sting
challenges were performed. Sixteen were challenged with a bee
ting, 1 with a wasp sting, and 1 with both a bee and a wasp sting.
Because of the low number of wasp sting challenges, data of bee
and wasp stings were analyzed together. Interestingly, there were

more positive IDT and BAT results compared with the first
challenge, whereas the number of positive results with CRD was
the same as 1 year before (Fig 6, A).

Nine of 18 challenged subjects had an LLR, and therefore there
was no significant change in the relative frequency of LLRs (Fig
6, B). Again, agreement of test results with the occurrence of
LLRs was weak, even though the IDT result was more often pos-
itive in subjects with LLRs (Fig 6, C).

Time course of slgE after the first and second sting
challenges

The first sting caused significant increases in sIgE levels to the
major allergens and to bee and wasp venom extracts. After 1 year,
increased sIgE levels have decreased almost to baseline. There-
fore baseline values before the first and second stings did not
differ significantly. After the second challenge, sIgE levels of the
17 subjects stung by a bee increased again after 4 weeks to levels
comparable with those after the first sting. However, the relative
increase was more moderate (3.3-fold) because of the slightly
increased baseline before the second sting. Therefore only a
statistical trend could be calculated for this observation (Fig 7, A).

Then, to minimize the effect of individually differing baselines
for sIgE to bee and wasp venom and to better visualize the kinetics
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FIG5. Time course of sIgE levels after the sting. Generally, there was a slight but significant decrease in sIgE
levels 3 hours after the sting in asymptomatic sensitized subjects (A, C, D). Only slIgE levels to Api m 1 re-
mained stable (B). Of the reactors (E), 2 subjects showed a slight increase and 4 showed a slight decrease in
slgE levels (subjects 19 and 26 because of missing data for week 1 and 4 subjects not shown in Fig 5, E). In
both nonreactors and reactors, sIgE levels markedly increased after only 1 week. Fig 5, A, n = 46 to 75; Fig 5,
B, n = 26 to 28; Fig 5, C, n = 33 to 50; Fig 5, D, n = 22 to 24. Fig 5, E, Complete slIgE time course of 3 reactors.

n.s., Not significant.

of sIgE, values were calculated as x-fold increase of the baseline.
As shown in Fig 7, B, the 2.1-fold increase in sIgE levels to bee
and wasp venom extracts did not reach statistical significance.
Only the 2.6-fold increase in sIgE levels to the major bee and
wasp allergen was significant (Fig 7, C). Again, 1 year after the
second sting, sIgE levels consistently decreased to baseline levels.

DISCUSSION

Positive test results to Hymenoptera venom despite a negative
history are a well-known phenomenon in the general population.
In older studies with IgE determination on the RAST platform,
27.1% were reported to have sIgE to Hymenoptera venoms,” and
using the refined fluorescence enzyme assay (ImmunoCAP),
40.7% had detectable sIgE to any Hymenoptera venom.” In the
initial phase of this study, 44.1% of all screened subjects had pos-
itive results. This rate of sensitization is quite high and cannot be
explained by unspecific sensitization caused by CCDs because
only 12.4% of the nonreactors had sIgE to CCDs. However, the

actual number of patients with sIgE to CCDs might be underesti-
mated given that the sensitivity of CCD screening tests with the
ImmunoCAP platform is low.” Nevertheless, 76% of subjects
with a sensitization to vespid venom were positive to the
CCD-free venom components rVes v 1 and 5. In patients with
bee venom hypersensitivity, the low sensitization rate to rApi m
1 was repeatedly described.'”'? Therefore the low frequency of
rApi m 1—positive subjects (CAP platform) is not surprising and
not a matter of good specificity. The situation is different with
nApi m 1 on the ADVIA platform. Sensitivity has been described
to be higher compared with that of rApi m 1,'” and therefore AS is
more frequent as well. The reasons for the better sensitivity of
nApi m 1 are a debated issue, and there might be a difference in
the structure between the recombinant and natural forms. Howev-
er, it bears CCDs, which is a problem for specificity in patients
with increased tIgE levels.

Despite detectable sIgE, only 5.3% had SSRs after the sting
challenge. Subjects with previous LLRs did not appear to be at a
higher risk of SSRs. However, statistical analysis was limited by
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FIG 6. Outcome of repetitive sting challenges and correlation with test
results. A, One year after the first sting challenge, more positive IDT and
BAT results were observed. However, all repetitive sting challenges were
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icant increase in LLRs. C, Although CRD and IDTs revealed more positive
results in subjects with LLRs, there was only a weak agreement between
tests and the occurrence of LLRs (k for all tests <0.35).

the low number of SSRs. The frequency of reactors is comparable
with the risk of the general population and far less than the risk for
a re-sting reaction in allergic patients, which was reported
between 25% to 52% after deliberate sting challenges.'®'® By
specifying the categorical concentration of tIgE, we recently
observed that the frequency of AS was associated with tIgE
levels: 23.1% of subjects with a tIgE level of less than 50 kU/L
were sensitized to Hymenoptera venoms, whereas 66.7% with
tIgE levels of greater than 250 kU/L had positive results.” There-
fore we initially hypothesized that subjects with low tIgE levels
are more likely to have an unknown clinically relevant hypersen-
sitivity. However, this was not the case in this study; there were
even more SSRs in subjects with high tIgE levels. Again, the
low number of reactors hampered statistical analysis.
A considerable proportion of subjects had LLRs; the risk for an
LLR was about 10 times higher than in the general population.
This supports the hypothesis that most of those reactions are
IgE-mediated late-phase reactions.'” Taken together, 51.1% of
sensitized subjects tolerated stings well and experienced neither
SSRs nor LLRs because of the sting. From the methodological
point of view, the relatively high amount of venom that is usually
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FIG 7. Time course of sIgE over a period of 2 years. A, sIgE levels to bee
venom extract. After an initial marginal decrease directly after the first
sting, slgE levels increased to 5-fold of baseline. After 1 year, levels had
decreased near baseline, increasing and decreasing again after the second
challenge (n = 10-17). B, Normalized sIgE levels to bee and wasp venom ex-
tracts. Values are expressed as x-fold increase of baseline. Kinetics of sIgE
were similar to those of quantitative levels. However, the increase in slgE
levels was only 2.1-fold after the second challenge compared with the
3.8-fold increase 1 week and 4.2-fold increase 4 weeks after the first chal-
lenge. (n = 10-19). C, Normalized levels of the major allergens Api m 1
and Ves v 5. The increase in slgE levels to major allergens was slightly
more pronounced compared with sIgE levels to the venom extracts. sIgE
levels increased to 5.3-fold after 1 week and 5.6-fold after 4 weeks.
After the second challenge, a modest increase to 2.6-fold was observed
(n = 10-19). n.s., Not significant.

used for in vitro diagnosis might be an issue. The high amount is
essential to minimize competition between the low quantity of
IgE and the substantial quantity of IgG. Therefore low-affinity
cross-reacting sIgE with questionable clinical relevance is de-
tected as well. The ADVIA system, which is now unavailable
for routine diagnosis, was based on a different technique that
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required only low amounts of venom. However, test results in our
study were not superior to other techniques of IgE determination.

Although there is considerable progress in the development of
diagnostic tools, such as the BAT and CRD, it is still not possible
to differentiate between AS, LLRs, and SSRs.

There is a general opinion that sIgE levels to injected venom
might be low or might not even be demonstrable in the first few
days after a sting.” It has also been speculated that low or unde-
tectable IgE levels were due to consumption of circulating IgE an-
tibodies.”’ Therefore we monitored the course of sIgE after the
sting closely. First, we tested whether sIgE was “consumed” dur-
ing the sting. Indeed, there was a statistically significant but, in
terms of kilounits per liter, minimal decrease in sIgE levels 3
hours after the sting. One could imagine that free circulating
sIgE binds to the delivered venom, resulting in a decrease in
sIgE levels. If high-affinity sIgE is available, it should be bound
to the allergen regardless of the occurrence of an LLR or SSR
or no reaction. However, this effect is minimal at the decimal
level, and it ranged, depending on the venom, from —0.08
to —0.13 kU/L. Therefore none of the results in these reactors
and nonreactors turned negative after the sting. Generally, guide-
lines recommend sIgE determination and skin testing not earlier
than 2 weeks after the sting because sIgE levels could be
decreased or even undetectable.>>! However, there is only weak
evidence in the literature for this recommendation. Consider-
ations on “IgE consumption” rely on older studies, which showed
that sIgE levels turned positive™ or increased markedly 4 weeks
after the sting.”” It appears from our study that it is not a matter of
consumption but a booster effect caused by the sting. Already 1
week after the sting, sIgE levels to wasp venom increased 2.2-
fold, and those who were stung by a bee had 2.7-fold increased
sIgE levels to bee venom; this is in good agreement with previous
studies.”>** Generally, sIgE levels decrease in the long term after
a sting in allergic patients with®* or without” venom immuno-
therapy. In our study we observed a decrease to baseline levels
within 1 year. Almost identical sIgE kinetics were observed by
Golden et al’® in patients who received immunotherapy. After
stopping treatment, patients were challenged annually or biannu-
ally over 5 years. They consistently observed an increase in sIgE
levels 1 month after each sting, followed by a decrease to the base-
line within 1 or 2 years. Importantly, this increase was not associ-
ated with therapy failure. To check the clinical relevance of
boosted sIgE levels caused by the first sting, we randomly
selected subjects for a second challenge. Interestingly, some
initially negative IDT and BAT results turned positive after the
first sting. However, no subject had an SSR caused by the second
sting, and the frequency of LLRs was similar compared with the
initial sting. This confirms again that current diagnostic tools
cannot predict the occurrence of an LLR or SSR. One limitation
of these results might be that the rechallenges were performed 1
year after the first challenge when IgE levels decreased to baseline
levels again. We cannot exclude a higher number of SSRs if re-
challenges had been performed earlier, such as within 4 weeks,
when IgE levels had reached maximum concentrations.

To conclude, sensitization to Hymenoptera venoms is common
in the general population. Compared with the sensitization rate,
systemic reactions are rare, but the risk for LLRs is markedly
increased. This is of particular importance for the interpretation of
results of multiplex systems, in which multiple allergen compo-
nents can be tested with small amounts of serum at the same time
and positive results to Hymenoptera venoms are often
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incidentally observed. Therefore there is no action needed in
sensitized subjects who have never experienced allergic symp-
toms after a sting. There are also 2 important clinical implications
regarding the time course of sIgE. First, the increase in sIgE levels
after a sting does not indicate conversion into clinically relevant
hypersensitivity and is reversible after 1 year. Second, according
to our data, sIgE determination can already be done immediately
after the sting.

‘We thank Karin Laipold for her skilled technical assistance.

Key messages

e Sensitization to Hymenoptera venoms is common in the
general population, but SSRs are rare.

o The increase in sIgE levels after a sting is not an indicator
for conversion into a clinically relevant hypersensitivity.

o Currently available tests are not able to distinguish
between AS, LLRs, and SSRs.
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TABLE E1. Inclusion and exclusion criteria

Inclusion criteria
Legally competent male and female patients age 18-65 y
Detectable sIgE (>0.35 kU/L) to bee or wasp venom
No history of an SSR after a Hymenoptera sting
For female patients, effective contraception
Exclusion criteria
Clear history of a systemic anaphylactic reaction after a Hymenoptera
sting
Subjects who have received immunotherapy with bee or wasp venom
Subjects with severe chronic illness
Severe asthma: FEV; < 80% of predicted value or FEV,/forced vital
capacity ratio < 70%
Severe disorders of the lungs, liver, kidneys, or nervous system
Clear chronic or acute cardiovascular failure
Hypertension and/or severe chronic ischemic heart disease
Patients receiving angiotensin-converting enzyme inhibitor or (-blocker
treatment
Severe psychological disorders
For female subjects, pregnancy and breast-feeding
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